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Water year is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year. Thus, the water year ending September 30, 2013, is the "2013 water year."
Slope; to convert Inch/Pound units to International System of units, multiply feet per mile (ft/mi) by 0.1894 to get meters per kilometer (m/km).
Datum
Horizontal coordinate information is referenced to the North American Datum of 1983 (NAD 83).
Map projections are Universal Transverse Mercator, Zone 15. annual exceedance-probability discharge of 50 percent (2-year recurrence-interval flood discharge) Q 20% annual exceedance-probability discharge of 20 percent (5-year recurrence-interval flood discharge) Q 10% annual exceedance-probability discharge of 10 percent (10-year recurrence-interval flood discharge) Q 4% annual exceedance-probability discharge of 4 percent (25-year recurrence-interval flood discharge) Q 2% annual exceedance-probability discharge of 2 percent (50-year recurrence-interval flood discharge) Q 1% annual exceedance-probability discharge of 1 percent (100-year recurrence-interval flood discharge) Q 0.5% annual exceedance-probability discharge of 0.5 percent (200-year recurrence-interval flood discharge) Q 0.2% annual exceedance-probability discharge of 0.2 percent (500-year recurrence-interval flood discharge) 
Abstract
Traditionally, the Iowa Department of Transportation has used the Iowa Runoff Chart and single-variable regionalregression equations (RREs) from a U.S. Geological Survey report (published in 1987) as the primary methods to estimate annual exceedance-probability discharge (AEPD) for small (20 square miles or less) drainage basins in Iowa. With the publication of new multi-and single-variable RREs by the U.S. Geological Survey (published in 2013), the Iowa Department of Transportation needs to determine which methods of AEPD estimation provide the best accuracy and the least bias for small drainage basins in Iowa. In response to this need, the U.S. Geological Survey, in cooperation with the Iowa Department of Transportation and the Iowa Highway Research Board, initiated a statewide study in 2014 to compare and evaluate AEPD estimates from five different AEPD-estimation methods.
Twenty five streamgages with drainage areas less than 2 square miles (mi 2 ) and 55 streamgages with drainage areas between 2 and 20 mi 2 were selected for the comparisons that used two evaluation metrics. Estimates of AEPDs calculated for the streamgages using the expected moments algorithm/ multiple Grubbs-Beck test analysis method were compared to estimates of AEPDs calculated from the 2013 multivariable RREs; the 2013 single-variable RREs; the 1987 singlevariable RREs; the TR-55 rainfall-runoff model; and the Iowa Runoff Chart.
For the 25 streamgages with drainage areas less than 2 mi 2 , results of the comparisons indicate that estimates of AEPDs calculated from the 2013 multi-and single-variable RREs, the 1987 single-variable RREs, and the TR-55 method tend to overestimate AEPDs and that estimates calculated from the Iowa Runoff Chart method tend to primarily underestimate AEPDs. The comparisons seem to indicate the best overall accuracy and the least bias may be achieved by using the TR-55 method for flood regions 1 and 3 (published in 2013) and by using the 1987 single-variable RREs for flood region 2 (published in 2013).
For drainage basins with areas between 2 and 20 mi 2 , results of the comparisons indicate that estimates of AEPDs from the 2013 multi-and single-variable RREs and the TR-55 method tend to overestimate AEPDs, and that estimates calculated from the 1987 single-variable RREs tend to overestimate and underestimate AEPDs. The comparisons seem to indicate the best overall accuracy and the least bias may be achieved by using the 1987 single-variable RREs for the Southern Iowa Drift Plain landform region and for flood region 3 (published in 2013), by using the 2013 multivariable RREs for the Iowan Surface landform region, and by using the 2013 or 1987 single-variable RREs for flood region 2 (published in 2013). For all other landform or flood regions in Iowa, use of the 2013 single-variable RREs may provide the best overall accuracy and the least bias.
Comparison results seem to indicate that the best accuracy and the least bias may be achieved by the use of different estimation methods of AEPD for different annual exceedance probabilities. The use of different estimation methods of AEPD for different annual exceedance probabilities is not appropriate because this approach could lead to inconsistencies with predictions of AEPDs. The number of streamgages included in the dataset comparisons range from 10 to 55. Information in this report needs to be used with caution because comparisons for datasets with a small number of streamgages provide limited information on the accuracy of the AEPD estimates for different AEPD-estimation methods. Thus, larger datasets may provide different results from those presented in this study.
An examination was conducted to understand why the 1987 single-variable RREs seem to provide better accuracy and less bias than either of the 2013 multi-or singlevariable RREs. The re-assignment of hydrologic regions for streamgages and the use of a mixed landform calculation for the 1987 single-variable RREs seem to have had no substantial effect regarding the relative accuracy and bias compared to the 2013 multi-or single-variable RREs for drainage basins with areas less than 20 mi 2 . Re-assignments of hydrologic regions defined in the 1987 U.S. Geological Survey report may be subjective for ungaged sites if users do not use a quantitative method to guide the re-assignment. A comparison of expected moments algorithm/multiple Grubbs-Beck estimates calculated through the 2013 water year to those calculated through
Comparisons of Estimates of Annual ExceedanceProbability Discharges for Small Drainage Basins in Iowa, Based on Data through Water Year 2013
By David A. Eash A comparison of 1-percent annual exceedance-probability regression lines for hydrologic regions 1-4 from the 1987 single-variable RREs and for flood regions 1-3 from the 2013 single-variable RREs indicates that the 1987 single-variable regional-regression lines generally have steeper slopes and lower discharges when compared to 2013 single-variable regional-regression lines for corresponding areas of Iowa. The combination of the definition of hydrologic regions, the lower discharges, and the steeper slopes of regression lines associated with the 1987 single-variable RREs seem to provide better accuracy and less bias when compared to the 2013 multior single-variable RREs; better accuracy and less bias was determined particularly for drainage areas less than 2 mi 2 , and also for some drainage areas between 2 and 20 mi 2 . The 2013 multi-and single-variable RREs are considered to provide better accuracy and less bias for larger drainage areas.
Results of this study indicate that additional research is needed to address the curvilinear relation between drainage area and AEPDs for areas of Iowa. The development of two sets of RREs for large and small drainage areas, and the development of a method to resolve the problem of transitioning estimates of AEPDs between the two sets of RREs, may need to be reconsidered in future research for flood-estimation studies in Iowa.
Introduction
With the publication of the U.S. Geological Survey (USGS) annual exceedance-probability discharge (AEPD) estimation report, "Methods for Estimating Annual Exceedance-Probability Discharges for Streams in Iowa, Based on Data through Water Year 2010" (Eash and others, 2013) and with the implementation of regional-regression equations (RREs) from the report in Iowa StreamStats (U.S. Geological Survey, 2015a) in 2013, the Iowa Department of Transportation (Iowa DOT) needs information on the relative accuracy and the amount of bias of AEPD-estimation methods that can be used for drainage basins with areas less than 2 square miles (mi 2 ) and for drainage basins with areas between 2 and 20 mi 2 . The USGS StreamStats AEPD-estimation equations are applicable to drainage basins with areas as small as 0.05 to 0.08 mi 2 depending on where an ungaged site is located in the three flood regions of Iowa (Eash and others, 2013) . Traditionally, Iowa DOT has used the Iowa Runoff Chart method (Bureau of Public Roads, 1950) for drainage basins with areas less than 2 mi 2 . The RREs from the USGS report, "Method for Estimating the Magnitude and Frequency of Floods at Ungaged Sites on Unregulated Rural Streams in Iowa" (Lara, 1987) , have also been used by Iowa DOT as a primary AEPD-estimation method for small drainage basins in Iowa. In response to the need to determine which AEPD-estimation methods provide the best estimates for small drainage basins in Iowa, the USGS, in cooperation with the Iowa DOT and the Iowa Highway Research Board, initiated a statewide study in 2014.
Purpose and Scope
This report presents two comparisons of estimates of AEPDs for small drainage basins in Iowa. First, AEPDs were estimated from five different AEPD-estimation methods for streamgages with drainage areas less than 2 mi 2 and were compared to AEPDs that were estimated from observed data from the same streamgages using a streamgage probabilityanalysis method named the expected moments algorithm/ multiple Grubbs-Beck test, hereafter referred to as the EMA/ MGB analysis method (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013 Second, AEPDs estimated from four different AEPD-estimation methods for streamgages in Iowa with drainage areas between about 2 and 20 mi 2 were compared to AEPDs that were estimated from observed data from the same streamgages using the EMA/MGB analysis method. With the exception of the Iowa Runoff Chart method, the four other AEPD-estimation methods included in the first set of comparisons also were included in the second set of comparisons for streamgages in Iowa with drainage areas between about 2 and 20 mi 2 . Streamgages listed in table 1 and shown in figure 1, that were used in this study, meet all USGS requirements for the EMA/MGB analysis method and data from these 80 streamgages were included in the development of the 2013 multi-and single-variable RREs. Of these 80 streamgages, 25 of them have drainage areas less than 2 mi 2 and 55 of them have drainage areas between about 2 and 20 mi 2 . Estimates of AEPDs were compared for eight selected flood-discharge estimates that have annual exceedance probabilities (AEPs) of 50, 20, 10, 4, 2, 1, 0.5, and 0.2 percent, which are equivalent to annual flood-frequency recurrence intervals (RIs) of 2, 5, 10, 25, 50, 100, 200, and 500 years, respectively ( 
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Comparisons for the two sizes of drainage area were evaluated two different ways to determine which of the four or five AEPD-estimation methods provides the best accuracy. First, the AEPD-estimation method that provides the best accuracy for AEPs, or RIs, selected by Iowa DOT was determined. The Iowa DOT selected AEPDs of 4, 2, and 1 percent, or flood RIs of 25, 50, and 100 years for this comparison because these AEPDs are used most frequently by Iowa DOT for flood estimation. Second, the AEPD-estimation method that provides the best accuracy for the greatest number of AEPs, or greatest number of RIs, also was determined.
Description of Study Area
The study area ( fig. 1 ) includes the entire State of Iowa. There are 10 landform regions in Iowa, each having distinctive topography and geology ( fig. 2) . A brief description of the landform regions in Iowa is presented in Eash and Barnes (2012) and a detailed description is presented by Prior (1991) . Prior and others (2009) describe updates to landform regions in Iowa.
Most precipitation in the study area results from storms moving inland primarily from the Gulf of Mexico and secondarily from the Pacific Ocean (Soenksen and Eash, 1991) . Annual precipitation, which is mostly rain, ranges from 26 inches (in.) in the extreme northwest to as much as 38 in. in the southeast; the statewide average is around 34 in. (National Climatic Data Center, 2012) . About 75 percent of the annual precipitation is received during April through September. Typically, during August through February, streamflow in most unregulated streams in the study area is base flow; during March through July, streamflow is substantially greater, primarily as a result of snowmelt during late February through early April and rainfall during May through July. Annual maximum streamflows are typically during April through July.
Methods of Estimation for Annual Exceedance-Probability Discharges
The AEPDs derived from the EMA/MGB analysis method are considered the best estimates for the 80 streamgages because they were calculated using observed annual peak-discharge data collected for at least 10 years and the USGS PeakFQ streamgage probability-analysis program (Veilleux and others, 2014) . AEPDs estimated from the other four or five AEPD-estimation methods were evaluated for overall accuracy and bias relative to the AEPDs estimated by the EMA/MGB analysis method for the comparisons of the two sizes of drainage area.
The streamgage datasets included in this study are not independent of those used in the development of the 2013 multivariable RREs and the 2013 single-variable RREs, except for the addition of three more years of annual peak-discharge data. The streamgage datasets included in this study also may not be independent of those used to develop the 1987 singlevariable RREs, or possibly even the TR-55 rainfall-runoff model or the Iowa Runoff Chart method, because these methods may have used some of these same streamgage datasets in their development. Therefore, conclusions regarding the relative quality of the AEPD-estimation methods may or may not be extended to ungaged sites. The relative quality of the estimates of AEPDs calculated for streamgages from the AEPDestimation methods compared in this study are assumed to extend to all conclusions referencing ungaged sites.
Drainage-area values for each streamgage included in this study are listed in table 1. Each streamgage has a drainage area that is listed in the USGS National Water Information System (NWIS) database (U.S. Geological Survey, 2015b), which is referred to as the "published" drainage area. Published drainage areas were determined primarily from 1:24,000-scale topographic maps by manual methods (planimeter) or digitizing methods (geographic information system [GIS]) at the time streamgage operation began. Drainage-area values listed in table 1 as "GIS" drainage areas (DRNAREA) were measured as part of the 2013 USGS AEPD-estimation study (Eash and others, 2013) . Generally, GIS-delineated drainage-area values are believed to be more accurate than the published drainagearea values (Eash and others, 2013) . The GIS measurements of drainage area (DRNAREA), rounded to the same number of significant figures as output from StreamStats, were used in this study to calculate estimates of AEPDs because users will likely use StreamStats to determine drainage-area values for ungaged stream sites in Iowa.
Expected Moments Algorithm/Multiple GrubbsBeck Test Analysis Method
Crest-stage gages (CSGs) are the primary source of annual peak-discharge data for small drainage basins in Iowa (U.S. Geological Survey, Iowa Water Science Center, Flood Table 2 . Annual exceedance probability and equivalent floodrecurrence interval for selected probabilities. 
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Information at Selected Bridge and Culvert Sites; http:// ia.water.usgs.gov/projects/ia006.html). Annual peak discharges are computed for continuous-record streamgages and CSGs by use of a stage-discharge relation (Rantz and others, 1982) . The stage-discharge relation, or rating, is used to determine discharges for all recorded stages at streamgages with the exception for some types of flow conditions at CSG culverts (Bodhaine, 1968) ; peak discharges are determined independently of a stage-discharge rating using the USGS Culvert Analysis Program (Fulford, 1998) . The largest discharge during a water year is the annual peak discharge, and the annual peak-discharge record is the compilation of all recorded annual peak discharges. Water year is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and that includes 9 of the 12 months of that year. Thus, the water year ending September 30, 2013, is the "2013 water year." Annual peakdischarge records collected through the 2013 water year were retrieved from the USGS NWIS database (U.S. Geological Survey, 2015b) for the 80 streamgages included in this study (table 1) to estimate the EMA/MGB AEPDs. The number of annual peak discharges, or systematic peaks, collected at the 25 streamgages with drainage areas less than 2 mi 2 that were used in the EMA/MGB analyses ranged from 13 to 62 years, with an average of 29 years and a median of 24 years (table 1). The number of systematic peaks collected at the 55 streamgages with drainage areas between 2 and 20 mi 2 that were used in the EMA/MGB analyses ranged from 10 to 59 years, with an average of 29 years and a median of 24 years (table 1) .
AEPDs for a streamgage are calculated from an AEP analysis that relates observed annual peak discharges to AEPs. The EMA/MGB analysis method within the USGS PeakFQ, (version 7.1) program (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013; Veilleux and others, 2014) and the results of a new statewide regional skew study (Veilleux and others, 2012; Eash and others, 2013) were used to estimate AEPDs for data at the 80 streamgages (table 1) . EMA/MGB AEP analyses provide a new alternative method to standard (hereafter referred to as Bulletin 17B) AEP analyses (Interagency Advisory Committee on Water Data, 1982; Veilleux and others, 2014) . EMA/MGB estimates calculated through the 2013 water year at the 80 streamgages for AEPs of 50, 20, 10, 4, 2, 1, 0.5, and 0.2 percent are listed in table 3 (link to Excel file). A minimum of 10 years of annual peak-discharge record is recommended by the Interagency Advisory Committee on Water Data (1982) to estimate AEPDs using the Bulletin 17B analysis method. The EMA/MGB estimates of AEPDs were not weighted with RRE estimates of AEPDs using the Weighted Independent Estimates (WIE) method (Cohn and others, 2012; Eash and others, 2013) to provide some measure of independence to this dataset.
AEPs formerly were reported as flood RIs expressed in years (Holmes and Dinicola, 2010) . Estimates of AEPDs at streamgages change as additional annual peak discharges are measured; EMA/MGB estimates of AEPDs are updated and become more statistically reliable.
Multivariable Regional-Regression Equations
Multivariable RREs from Eash and others (2013) were developed for three new flood regions defined for Iowa ( fig. 1 ). Each set of regression equations for each flood region requires the measurement of three basin characteristics. The RREs were developed using GIS measurements of the basin characteristics as the independent variables and EMA/ MGB estimates of AEPDs as the dependent variables in the regression analyses. The basin characteristics were measured from high-resolution (1:24,000 scale) elevation, stream, and watershed-boundary data (Eash and others, 2013) . Information on the GIS measurements of basin characteristics, basincharacteristic values for the 80 streamgages, the definition of the three flood regions in Iowa, and the development of the multivariable RREs is presented in Eash and others (2013) .
The GIS data layers used to measure the basin characteristics along with the 2013 multivariable RREs developed for Iowa (Eash and others, 2013) were included in the USGS National StreamStats Program (U.S. Geological Survey, 2015a). In June 2013, the Iowa StreamStats implementation was released, which allows users to interactively delineate drainage-basin boundaries, measure basin-characteristic values, and solve RREs for ungaged stream sites in Iowa. The multivariable RREs presented in tables 9-11 in Eash and others (2013) are applicable for drainage basins:
• With areas as small as 0.06 mi 2 for flood region 1,
• As small as 0.08 mi 2 for flood region 2, and
• As small as 0.05 mi 2 for flood region 3.
Average standard errors of prediction (SEP, in percent) for the multivariable RREs from Eash and others (2013) 
Single-Variable Regional-Regression Equations
Single-variable RREs also were developed for the three new flood regions defined for Iowa ( fig. 1 ) by Eash and others (2013) . The single-variable RREs, which only require drainage-area measurements (DRNAREA), were not formally published as equations by Eash and others (2013) . Rather, the exponents and constants of the 2013 single-variable RREs were published (table 15 in Eash and others, 2013) so that the exponents from the single-variable RREs would be available for calculating area-weighted estimates of AEPDs for ungaged sites on gaged streams. Thus, estimates of AEPDs could be calculated at ungaged stream sites using drainage area only.
The 2013 single-variable RREs for flood region 1 were implemented in Iowa StreamStats for use when the basin-characteristic value for the total length of all streams (determined at the 1:24,000 scale) in a drainage basin (STRMTOT; table  2 (table 12 in Eash and others, 2013) . For the 24 single-variable RREs developed for estimating AEPDs for flood regions 1-3, an average standard error of prediction, a pseudo-R 2 (in percent), an average error of model (in percent), and an average variance of prediction (in log units) are reported in tables 5-7 as performance metrics. A description of GLS regression and the performance metrics is presented in Eash and others (2013) 
Single-variable RREs developed by Lara (1987) for five flood regions defined for Iowa ( fig. 3 ) were used to estimate AEPDs for the 80 selected streamgages. The 1987 singlevariable RREs only require the measurement of drainage area and these RREs are used by Iowa DOT to estimate AEPDs for small drainage basins in Iowa (Iowa Department of Transportation, 2014a; see section 3.2.2, "Stream and river crossings"). Lara (1987) assigned some streamgages to a different hydrologic region than the region where the streamgage is present [ fig. 3 and table 9 (link to Excel file) streamgages with map numbers 8, 40, 68, and 73]; thus, for this study, streamgages that were included in the development of the 1987 single-variable RREs are assigned to the same hydrologic region as used by Lara (1987) (table 9) .
In a two-page addendum to Lara (1987) (Oscar Lara, U.S. Geological Survey, written commun., 1987), Lara noted the importance of recognizing that within the hydrologic regions, small watersheds may have landform characteristics that produce peak discharges typical of other hydrologic regions; professional judgment may be needed when selecting and using the appropriate set of equations and ultimately selecting the AEPDs. An example of a calculation of AEPDs that encompass mixed landforms for drainage basins with areas of 20 mi 2 or less was presented in the addendum. After inspecting the location (using 1:24,000-scale topographic maps) of each of the 80 streamgages, the calculation of mixed landform presented in the addendum to Lara (1987) was used to estimate AEPDs for two streamgages that were representative of mixed landform regions (table 9, streamgages with map numbers 13 and 59 shown on fig. 3 ).
Forty-three of the 80 streamgages listed in table 9 were not included in the development of the 1987 single-variable RREs and were not assigned to a hydrologic region by Lara (1987) . Thus, for this study, these 43 streamgage needed to be evaluated to determine if any of them should be assigned to a different hydrologic region than the region where the streamgage is present. The GIS-measured basin characteristics (table 1 in this report; table 2 in Eash and others, 2013) were evaluated for streamgages within each hydrologic region. The 80 streamgages were sorted into hydrologic regions 1 to 4 (none of the streamgages are located in hydrologic region 5, fig. 3 ) as previously assigned by Lara (1987) for 37 of the streamgages or to the region where the streamgage is present for the 43 streamgages that were not included in the development of the 1987 single-variable RREs (fig. 3) . Mean, median, minimum, and maximum basin-characteristic values were then calculated for the streamgages within each hydrologic region: 2. For stream slope calculated as the change in elevation between points located at 10 and 85 percent of the length along the longest flow path that was determined by GIS, then divided by the length between the points (CSL1085LFP).
3. For stream slope calculated from the entire main-channel length from basin outlet to basin divide (CSL100).
4. For percent of area with slopes greater than 30 percent (SLOP30).
CSL1085LFP (listed as "10-85 stream slope method" in Iowa StreamStats) is a basin characteristic that is currently (2015) available in Iowa StreamStats. Six of the 43 streamgages that were not included in the development of the 1987 single-variable RREs were identified with basincharacteristic values that seem to be more representative of a different hydrologic region than the region where the streamgage is present and they were assigned to a different hydrologic region (table 9 and fig. 3 , streamgages with map numbers 3, 9, 10, 28, 36, and 69). Thus, AEPDs for 12 of 80, or 15 percent, of the streamgages were calculated using RREs for a different hydrologic region than the region where the streamgage is present.
The 1987 single-variable RREs are applicable for drainage basins:
• With areas as small as 0.7 mi 2 for hydrologic region 1,
• As small as 0.08 mi 2 for hydrologic region 2,
• As small as 0.04 mi 2 for hydrologic region 3,
• As small as 7.9 mi 2 for hydrologic region 4, and
• As small as 45 mi 2 for hydrologic region 5.
For this study, 1987 single-variable RREs were applied to data from streamgages with drainage areas smaller than the applicable limits of the equations for comparison purposes. Standard errors of estimates (SEE, in percent) are unknown for the equations when drainage-area values are used in the equations that are outside of the range of values used to develop the equations. Standard errors of estimate for the 1987 single-variable RREs range from 21 to 61 percent for hydrologic region 1, from 32 to 55 percent for hydrologic region 2, from 35 to 44 percent for hydrologic region 3, from 29 to 40 percent for hydrologic region 4, and from 20 to 27 percent for hydrologic region 5 (table 2 in Lara, 1987) . The 1987 single-variable RRE estimates for AEPs of 50, 20, 10, 4, 2, and 1 percent at the 80 streamgages are listed in table 9.
TR-55 Rainfall-Runoff Model
The WinTR-55 rainfall-runoff model (Natural Resources Conservation Service, 2009) ). The Tc is the time required for runoff to travel from the most distant point in the watershed to its outlet. The watershed-lag method (Natural Resources Conservation Service, 2010) was used to calculate Tc values for input to the WinTR-55 model. The watershed-lag method requires values for the longest flow-path length, the average land slope of the watershed, and a curve number (CN). The CN is defined as a dimensionless number of 98 or less that relates runoff to the soil-cover complex of a watershed; the CN indicates the runoff potential of a soil-cover complex during periods when the soil is not frozen; higher values of CN indicate greater runoff (Natural Resources Conservation Service, 2012). The mainchannel length was measured by using a GIS (table 2 in Eash and others, 2013) ; the main-channel length (LENGTH) was measured from the basin outlet to the basin divide and was used for the longest flow-path length. The average land slope of the watershed (BSLDEM10M) was calculated by using a GIS and a 10-meter digital elevation model (DEM). Measurements of LENGTH and BSLDEM10M were used for each of the 80 selected streamgages to calculate Tc (tables 1 and 10, link to Excel file). The WinTR-55 model was used to calculate CN in the land-use details module of the model after areas, in square miles, for each land-use type for each hydrologic soil group (table 1) were entered in the module. The GIS measurements of the percent area of cultivated crops (ROWCROP), proportioned by the percent area of hydrologic soils groups (SOILASSURGO, SOILBSSURGO, SOILCSSURGO, and SOILDSSURGO) (Eash and others, 2013) , provided most of the information needed for calculating CN values (tables 1 and 10). SOILASSURGO, SOILBSSURGO, SOILCS-SURGO, AND SOILDSSURGO are basin characteristics that will be available in version 3 of Iowa StreamStats (U.S. Geological Survey, 2015a), which is anticipated to be released in 2015. The percent area of pasture and woods, proportioned by hydrologic soil-group areas, were estimated from topographic maps (1:24,000 scale) and aerial photography to account for the remaining non-row crop areas within each of the 80 streamgage watersheds. For this study, CN values (table 10) were calculated by the WinTR-55 model on the basis of three land-use types for each watershed: row crop (straight row, good condition), pasture (fair condition), and woods (fair condition). A residential land-use type of onequarter acre was used for small areas within a few watersheds to account for urban areas. The CN values calculated by the WinTR-55 model ranged from 68 to 83 with an average value of 76 (table 10). Because Tc values calculated for 4 streamgages (table 10, streamgages with map numbers 69, 70, 73, and 77) exceeded 10 hours, AEPDs could not be estimated for these four streamgages using the WinTR-55 model; thus, data for 76 streamgages were included in the comparisons for the TR-55 method.
Values for the 24-hour rainfall frequency (table 10) were input to the WinTR-55 model as user-provided, custom storm data in the storm data module of the model after the values were calculated for each watershed by using "Atlas 14" (Perica and others, 2013) . Statewide GIS data layers of precipitation frequency grids were downloaded from "Atlas 14" for 24-hour rainfalls that have AEPs of 50, 20, 10, 4, 2, 1, 0.5, and 0.2 percent using the Precipitation Frequency Data Server (U.S. Department of Commerce, National Oceanic and Atmospheric Administration, and National Weather Service, 2014 
Comparisons of Estimates of Annual Exceedance-Probability Discharges
AEPDs estimated by using the EMA/MGB analysis method were compared to estimates calculated using the different AEPD-estimation methods on the basis of two evaluation metrics as recommended by the USGS Office of Surface Water (A.G. Veilleux and J.E. Kiang, U.S. Geological Survey, written commun., 2014). The mean percent relative error (MPRE) provides an indication of the overall accuracy of an AEPD-estimation method and the mean ratio of the AEPD-estimation method (AEPD estimate to the EMA/MGB AEPD estimate) gives an indication of the degree of bias of an AEPD-estimation method (Haddad and others, 2012) . MPRE is calculated using the following equation: (2) where MPRE is the mean percent relative error, which indicates the overall accuracy between the values estimated by using the EMA/MGB AEPD and the AEPD-estimation method; n is the number of streamgages in the comparison dataset; abs is the absolute value of the term that follows; Q AEPD-estimation 
Mean Ratio
gives an indication of the degree of bias between the EMA/MGB AEPD estimate and the AEPD estimate determined by using the AEPD-estimation method; n is described in equation 2; Q AEPD-estimation method is described in equation 2; and Q EMA/MGB is described in equation 2. The mean ratio provides an indication of systematic overestimation or underestimation of an AEPD-estimation method, where a value of 1 indicates a good average agreement between the Q AEPD-estimation method and Q EMA/MGB. A mean ratio value in the range of 0.5 to 2 may be regarded as an acceptable estimate, a value less than 0.5 may be regarded as a large underestimation and a value greater than 2.0 may be regarded as a large overestimation. The values are only arbitrary limits and would provide a reasonable guide about the relative accuracy of the AEPD-estimation methods regarding their practical use (Haddad and others, 2012) . In applying these evaluation metrics to compare AEPD-estimation methods, factors such as data error (measurement error and error because of ratingcurve extrapolation) and error because of EMA/MGB analysis were not considered.
Different datasets were compared and evaluated for this study for streamgages within the two sizes of drainage areas (1) 5 datasets were compared and evaluated for streamgages with drainage areas less than 2 mi 2 (tables 12 and 13), and (2) 8 datasets were compared and evaluated for streamgages with drainage areas between 2 and 20 mi 2 (tables 14 and 15). Datasets were compiled for 6 general types of comparisons for each size of drainage areas if at least 10 streamgages were available to form a dataset: 
2.
For all streamgages statewide with more than 22 years of systematic annual peaks that were included in the EMA/ MGB analysis.
3.
For all streamgages statewide with annual peak-discharge records through the 2012 or 2013 water year.
4.
For all streamgages statewide with more than 22 years of systematic annual peaks that were included in the EMA/ MGB analysis and with annual peak-discharge records through the 2012 or 2013 water year.
5.
For streamgages within the flood region areas ( fig. 1 ) defined for Iowa (Eash and others, 2013) .
6.
For streamgages within the landform regions ( fig. 2 ) defined for Iowa (Prior, 1991; Prior and others, 2009 ).
The number of streamgages evaluated for each dataset comparison (tables 12-15) is noted with "n." Values of n in the dataset comparisons range from 10 to 55. Information in these tables needs to be used with caution because comparisons for datasets with small values of "n" provide limited information on the accuracy of the AEPD estimates for different AEPDestimation methods.
The AEPD-estimation methods that provide results for the best overall accuracy (tables 12 and 14) and the least overall bias (tables 13 and 15) are highlighted to compare the 13 datasets:
1. Tables 12 and 14 show the lowest MPRE values (highlighted in gold) and show MPRE values that are within a magnitude of 5 percent of the lowest MPRE value (highlighted in yellow) for each AEP to indicate the AEPD-estimation method with the best overall accuracy when compared to the EMA/MGB AEPD.
2. Tables 13 and 15 show mean ratio values that are the closest value to 1.0 (highlighted in gold) and show mean ratio values with an absolute value difference from 1.0 that is determined by adding 0.05 to the absolute value difference between the closest value and 1.0 (highlighted in yellow) for each AEP to indicate the AEPD-estimation method with the least overall bias when compared to the EMA/MGB AEPD. For example, if the closest value to 1.0 is 1.12 (value highlighted in gold), which has an absolute value difference from 1.0 of 0.12, then adding 0.05 to 0.12 equals 0.17; thus mean ratio values within a range from 0.83 to 1.17 are highlighted in yellow.
The 5-percent threshold for MPRE, and the 0.05 threshold for mean ratio, are arbitrary and are used to indicate other AEPD-estimation methods that also are considered to provide reasonable accuracy or less bias. Three AEPDs (4, 2, and 1 percent) were specifically selected by the Iowa DOT for comparison because these AEPDs are used most frequently by Iowa DOT for flood estimation (bold red text in tables 12-15).
Drainage Basins with Areas less than 2 Square Miles
Comparisons of estimates of AEPDs for drainage basins with areas less than 2 mi 2 are listed in tables 12 and 13 for 25 streamgages in Iowa ( figs. 1-3 ). All 25 of these streamgages are CSGs (table 1) .
Evaluation of Comparisons of Estimates for Selected
Annual Exceedance-Probability Discharges of 4, 2, and 1 percent Three AEPDs of 4, 2, and 1 percent were specifically selected because these AEPDs are used most frequently by Iowa DOT for flood estimation (as noted with bold red text in tables 12 and 13).
On the basis of the mean ratio results for all 25 streamgages for AEPs of 4, 2, and 1 percent (first comparison in table 13):
1. The 2013 multi-and single-variable RREs tend to overestimate AEPDs with mean ratios of 1.34 to 1.36, and 1.45 to 1.56, respectively.
The 1987 single-variable RREs tend to overestimate
AEPDs with mean ratios of 1.11 to 1.12.
3. The TR-55 method tends to overestimate AEPDs with mean ratios of 1.09 to 1.11.
The Iowa Runoff Chart method tends to underestimate
AEPDs with mean ratios of 0.73 to 0.74.
Results of the four statewide comparisons for MPRE and mean ratio (first four comparisons in tables 12 and 13) indicate that the TR-55 method provides the best overall accuracy and that the TR-55 method and the 1987 single-variable RREs provide the least bias of the five AEPD-estimation methods evaluated.
Flood region 2 (last comparison in tables 12 and 13) is the only flood region or landform region dataset with at least 10 streamgages in which data could be compiled for comparisons. Results for flood region 2 for MPRE and mean ratio indicate that the 1987 single-variable RREs and the TR-55 method seem to provide the best overall accuracy and the least bias.
The best overall accuracy and the least overall bias for AEPD estimation for ungaged drainage basins in Iowa with areas less than 2 mi 2 may be achieved for AEPDs of 4, 2, and 1 percent:
1. Use of the TR-55 method for sites in flood regions 1 and 3 ( fig. 1 ).
Use of the 1987 single-variable RREs for sites in flood region 2 (fig. 1).
In the Des Moines Lobe landform region ( fig. 2) , the 1987 single-variable RREs are not applicable for drainage Table 12 . Comparisons of mean percent relative errors for estimates of annual exceedance-probability discharge for drainage basins with areas less than 2 square miles, Iowa.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 Mean percent relative error (MPRE) between flood-estimation method estimates and expected moments algorithm/multiple Grubbs-Beck test (EMA/MGB) estimates (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . Table 13 . Comparisons of mean ratios for estimates of annual exceedance-probability discharge for drainage basins with areas less than 2 square miles, Iowa.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 Mean ratio between flood-estimation method estimates and expected moments algorithm/multiple Grubbs-Beck test (EMA/MGB) estimates (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . Table 15 . Comparisons of mean ratios for estimates of annual exceedance-probability discharge for drainage basins with areas between 2 and 20 square miles, Iowa.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 
Comparisons of Estimates of Annual Exceedance-Probability Discharges for Small Drainage Basins in Iowa
basins with areas less than 7.9 mi 2 in hydrologic region 4 and for areas less than 45 mi 2 in hydrologic region 5 ( fig. 3 ).
Evaluation of Comparisons of Estimates for All Annual Exceedance-Probability Discharges
Although eight AEPs were estimated for three AEPDestimation methods (tables 4, 8, and 10), comparisons of estimates of AEPDs are limited to six AEPs for the 1987 singlevariable RREs (table 9) and to five AEPs for the Iowa Runoff Chart method (table 11) . Thus, comparisons were evaluated for the different AEPD-estimation methods according to the available AEPs. First, comparisons were evaluted for five AEPs (20, 10, 4, 2, and 1 percent) for all five AEPD-estimation methods, (hereafter, these five comparisons are referred to as "AEP5"). Second, comparisons were evaluated for one AEP (50 percent) for four AEPD-estimation methods that did not include the Iowa Runoff Chart method (hereafter, these comparisons are referred to as "AEP1"). Third, comparisons were evaluated for two AEPs (0.5 and 0.2 percent) for three AEPD-estimation methods that did not include the Iowa Runoff Chart method or the 1987 single-variable RREs (hereafter, these comparisons are referred to as "AEP2").
On the basis of the mean ratio results for all 25 streamgages for all estimates of AEPDs (first comparison in table 13):
1. The 2013 multi-and single-variable RREs tend to overestimate AEPDs with mean ratios of 1.47 and 1.33, respectively, for an AEP of 50 percent and with mean ratios of 1.36 and 1.66, respectively, for an AEP of 0.2 percent.
The 1987 single-variable RREs tend to overestimate
AEPDs with mean ratios of 1.54 for an AEP of 50 percent and 1.12 for an AEP of 1 percent.
3. The TR-55 method tends to overestimate AEPDs with mean ratios of 1.89 for an AEP of 50 percent and 1.17 for an AEP of 0.2 percent.
4. The Iowa Runoff Chart Method tends to primarily underestimate AEPDs with mean ratios of 1.04 for an AEP of 20 percent and 0.73 for an AEP of 1 percent.
Results of the four statewide comparisons for MPRE and mean ratio (first four comparisons in tables 12 and 13), indicate that the TR-55 method provides the best overall accuracy and that the 1987 single-variable RREs and the TR-55 method provide the least bias of the five AEPD-estimation methods evaluated for the AEP5 comparisons. The Iowa Runoff Chart method seems to provide the best overall accuracy and the least bias for an AEP of 20 percent and reasonable accuracy and the least bias for an AEP of 10 percent.
For flood region 2 ( fig. 1 ; last comparison in tables 12 and 13), which is the only flood region or landform region dataset with at least 10 streamgages in which data could be compiled for comparisons:
1. The 1987 single-variable RREs seem to provide the best overall accuracy and the third overall least bias for the AEP5 comparisons.
2. The TR-55 method seems to provide the third overall best accuracy and the second overall least bias for the AEP5 comparisons.
3. The Iowa Runoff Chart method seems to provide the second best overall accuracy and the least overall bias for the AEP5 comparisons.
4. Results for AEPs of 20 and 10 percent indicate that the Iowa Runoff Chart method provides the best accuracy and the least bias.
For the AEP1 comparisons, the 2013 single-variable RREs seem to provide the best overall accuracy and the least bias for the statewide and flood region 2 ( fig.1 ) comparisons (tables 12 and 13). For the AEP2 comparisons, the TR-55 method seems to provide the best overall accuracy and the least bias for the statewide and flood region 2 comparisons (tables 12 and 13).
Comparison of results for AEP5, AEP1, and AEP2 seem to indicate that the best accuracy and the least bias may be achieved by the use of different AEPD-estimation methods for different AEPs. The use of different AEPD-estimation methods for different AEPs is not appropriate because this approach could lead to predictive inconsistencies. For example, a 10-percent AEPD estimate could be greater than a 4-percent AEPD estimate.
The best overall accuracy and the least overall bias for AEPD estimation for ungaged drainage basins in Iowa with areas less than 2 mi 2 may be achieved for all AEPDs:
2. Use of the 1987 single-variable RREs for sites in flood region 2 ( fig. 1 ).
In the Des Moines Lobe landform region ( fig. 2) , the 1987 single-variable RREs are not applicable for drainage basins with areas less than 7.9 mi 2 in hydrologic region 4 and for areas less than 45 mi 2 in hydrologic region 5 ( fig. 3 ).
Drainage Basins with Areas Between 2 and 20 Square Miles
Comparisons of estimates of AEPDs for drainage basins with areas between 2 and 20 mi 2 are listed in tables 14 and 15 for 55 streamgages in Iowa ( figs. 1-3) . Forty-five of these streamgages are CSGs and 10 are continuous-record streamgages (table 1) . Because Tc values calculated for 4 streamgages exceeded 10 hours (table 10, streamgages with map numbers 69, 70, 73, and 77), estimates of AEPDs were not calculated using the WinTR-55 model for these four streamgages; thus, data for 51 streamgages were included in the comparisons for the TR-55 method (tables 14 and 15).
Four AEPD-estimation methods were compared for drainage basins with areas between 2 and 20 mi 2 . The Iowa Runoff Chart method is not applicable for drainage areas greater that 2 mi 2 .
Evaluation of Comparisons of Estimates for Selected
Annual Exceedance-Probability Discharges of 4, 2, and 1 percent Three AEPDs of 4, 2, and 1 percent were specifically selected because these AEPDs are used most frequently by Iowa DOT for flood estimation (as noted with bold red text in tables 14 and 15). On the basis of the mean ratio results for all 55 streamgages for AEPs of 4, 2, and 1 percent (51 streamgages for the TR-55 method, first comparison in table 15):
1. The 2013 multi-and single-variable RREs tend to overestimate AEPDs with mean ratios of 1.10 to 1.15, and 1.05 to 1.06, respectively.
The 1987 single-variable RREs tend to underestimate
AEPDs with mean ratios of 0.88 to 0.93.
3. The TR-55 method tends to overestimate AEPDs with mean ratios of 1.24 to 1.29.
Results of the four statewide comparisons for MPRE and mean ratio (first four comparisons in tables 14 and 15) indicate that each of the four AEPD-estimation methods may provide the best (or reasonable) accuracy, and that each of the four AEPD-estimation methods may provide the least (or reasonably low) bias dependent on the statewide dataset evaluated for AEPDs of 4, 2, and 1 percent. For the four regional comparisons (last four comparisons in tables 14 and 15), which are the only flood region or landform region (Prior, 1991; Prior and others, 2009 ) datasets with at least 10 streamgages in which data could be compiled for comparions:
1. The 1987 single-variable RREs seem to provide the best overall accuracy and the least bias for the Southern Iowa Drift Plain landform region ( fig. 2 ).
2. The 2013 multivariable RREs seem to provide the best overall accuracy and the least bias for the Iowan Surface landform region ( fig. 2) .
3. For flood regions 2 and 3 ( fig. 1) , the 1987 single-variable RREs seem to provide the best overall accuracy; the 2013 single-variable RREs seem to provide the second best accuracy and the least overall bias.
The best overall accuracy and the least overall bias for AEPD estimation for ungaged drainage basins in Iowa with areas between 2 and 20 mi 2 may be achieved for AEPDs of 4, 2, and 1 percent:
Use of the 1987 single-variable RREs for sites in the
Southern Iowa Drift Plain landform region ( fig. 2 ).
Use of the 2013 multivariable RREs for sites in the
Iowan Surface landform region ( fig. 2 ).
3. Use of the 1987 single-variable RREs may provide the best overall accuracy and use of the 2013 single-variable RREs may provide the second best overall accuracy and the least overall bias for sites in all other landform regions in Iowa.
In the Des Moines Lobe landform region, the 1987 singlevariable RREs are not applicable for drainage basins with areas less than 7.9 mi 2 in hydrologic region 4 and for areas less than 45 mi 2 in hydrologic region 5 ( fig. 3) .
Evaluation of Comparisons of Estimates for All Annual Exceedance-Probability Discharges
Although eight AEPs were estimated for three AEPDestimation methods (tables 4, 8, and 10), comparisons of estimates of AEPDs are limited to six AEPs for the 1987 singlevariable RREs (table 9) . Thus, comparisons were evaluated for the different AEPD-estimation methods according to the available AEPs. First, comparisons were evaluted for six AEPs (50, 20, 10, 4, 2, and 1 percent) for all four AEPD-estimation methods (hereafter, these four comparisons are referred to as "AEP6"). Second, comparisons were evaluated for two AEPs (0.5 and 0.2 percent) for three AEPD-estimation methods that did not include the 1987 single-variable RREs; as noted previously in this report, these comparisons are referred to as "AEP2."
On the basis of the mean ratio results for all 55 streamgages for all estimates of AEPDs (51 streamgages for the TR-55 method, first comparison in table 15):
1. The 2013 multi-and single-variable RREs tend to overestimate AEPDs with mean ratios of 1.50 and 1.39, respectively, for an AEP of 50 percent and with mean ratios of 1.10 and 1.05, respectively, for an AEP of 0.2 percent.
2. The 1987 single-variable RREs tend to overestimate and underestimate AEPDs with mean ratios of 1.60 for an AEP of 50 percent and 0.88 for an AEP of 1 percent.
3. The TR-55 method tends to overestimate AEPDs with mean ratios of 1.99 for an AEP of 50 percent and 1.37 for an AEP of 0.2 percent.
Results of the four statewide comparisons for MPRE and mean ratio (51 streamgages for the TR-55 method, first four comparisons in tables 14 and 15), seem to indicate that each of the four AEPD-estimation methods may provide the best (or reasonable) accuracy, and that each of the four AEPD-estimation methods may provide the least (or a reasonably low) bias dependent on the statewide dataset evaluated for the AEP6 comparisons, with the exception of the TR-55 method for an AEP of 50 percent.
Comparisons of Estimates of Annual Exceedance-Probability Discharges for Small Drainage Basins in Iowa
For the estimation of AEP6 for the four regional comparisons (last four comparisons in tables 14 and 15), which are the only flood region or landform region datasets with at least 10 streamgages in which data could be compiled for comparisons:
1. The 1987 single-variable RREs seem to provide the best overall accuracy and the least overall bias for the Southern Iowa Drift Plain landform region ( fig. 2 ) and for flood region 3 ( fig. 1 ).
2. The 2013 single-variable RREs also seem to provide the least overall bias for flood region 3 ( fig. 1 ).
3. The 2013 multivariable RREs seem to provide the best overall accuracy and the least overall bias for the Iowan Surface landform region.
4. The 2013 and 1987 single-variable RREs, for flood region 2 ( fig. 1 ), seem to provide the best accuracy; the 2013 single-variable RREs seem to provide the least overall bias.
For the AEP2 comparisons, the 2013 multi-and singlevariable RREs seem to provide the best overall accuracy and the least overall bias for the statewide and regional comparisons. The TR-55 method seems to provide reasonable accuracy and a reasonably low bias for flood region 3 ( fig. 1) for the AEP2 comparisons, and the least bias for streamgages statewide with more than 22 years of systematic peaks that were included in the EMA/MGB analysis and with annual peak-discharge records through the 2012 or 2013 water year.
Comparison of results for AEP6 and AEP2 seem to indicate that the best accuracy and the least bias may be achieved by the use of different AEPD-estimation methods for different AEPs. The use of different AEPD-estimation methods for different AEPs is not appropriate because this approach could lead to predictive inconsistencies. For example, a 10-percent AEPD estimate could be greater than a 4-percent AEPD estimate.
The best overall accuracy and the least overall bias for AEPD estimation for ungaged drainage basins in Iowa with areas between 2 and 20 mi 2 may be achieved for all AEPDs: 4. Use of the 2013 single-variable RREs may provide the best overall accuracy and the least overall bias for sites in all other landform or flood regions in Iowa.
In the Des Moines Lobe landform region, the 1987 single-variable RREs are not applicable for drainage basins with areas less than 7.9 mi 2 in hydrologic region 4 and for areas less than 45 mi 2 in hydrologic region 5 ( fig. 3) .
Examination of the 1987 SingleVariable Regional-Regression Equations
An in-depth examination was conducted to better understand why AEPDs estimated by the 1987 single-variable RREs seem to provide better accuracy and less bias than AEPDs estimated by the 2013 multi-or single-variable RREs for most of the comparisons for drainage areas less than 2 mi 2 (tables 12-13) and for some of the comparisons for drainage areas between 2 and 20 mi 2 (tables 14-15). The 1987 singlevariable RREs were developed using annual peak-flow data collected through the 1984 water year and the 2013 multi-and single-variable RREs were developed using annual peak-flow data collected through the 2010 water year.
Use of Hydrologic Regions for the 1987 SingleVariable Regional-Regression Equations
As previously mentioned in the section, "1987 SingleVariable Regional-Regression Equations," 12 of the 80 streamgages (15 percent) included in this study ( fig. 2 and  table 9 ; Lara, 1987) had AEPDs estimated by (1) using RREs from a different hydrologic region than the region where the streamgage is present or, (2) using a mixed landform calculation. To determine the effect on MPRE and mean ratio results from the re-assignment of 1987 single variable RREs and from the use of the mixed landform calculation, these two evaluation metrics were recalculated for data from the 12 streamgages without the re-assignments or the mixed landform calculation using only the RREs for the hydrologic region in which the streamgage is present. Tables 16-19 list the MPRE and mean ratio results for the same 13 datasets as presented in tables 12-15; the difference between datasets in the tables is that the 1987 single-variable RREs were recalculated for data from the 12 streamgages ( fig. 2 and table 9 ):
• By using hydrologic region 2 ( fig. 3 ) RREs for data from streamgages with map numbers 9, 36, 40, 59, and 69;
• By using hydrologic region 3 RREs for data from streamgages with map numbers 8, 10, 13, 28, 68, and 73; and • By using hydrologic region 4 RREs for data from one streamgage with map number 3. Table 16 . Comparisons of mean percent relative errors for estimates of annual exceedance-probability discharge for drainage basins with areas less than 2 square miles that do not include the re-assignment of hydrologic regions or the use of a mixed landform calculation for the 1987 single-variable regional-regression equations.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 Mean percent relative error (MPRE) between flood-estimation method estimates and expected moments algorithm/multiple Grubbs-Beck test (EMA/MGB) estimates (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . Table 17 . Comparisons of mean ratios for estimates of annual exceedance-probability discharge for drainage basins with areas less than 2 square miles that do not include the re-assignment of hydrologic regions or the use of a mixed landform calculation for the 1987 single-variable regional-regression equations.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 Mean ratio between flood-estimation method estimates and expected moments algorithm/multiple Grubbs-Beck test (EMA/MGB) estimates (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . Mean percent relative error (MPRE) between flood-estimation method estimates and expected moments algorithm/multiple Grubbs-Beck test (EMA/MGB) estimates (Cohn and others, 1997 (Cohn and others, , 2001 (Cohn and others, , 2013 Eash and others, 2013) . Table 19 . Comparisons of mean ratios for estimates of annual exceedance-probability discharge for drainage basins with areas between 2 and 20 square miles that do not include the re-assignment of hydrologic regions or the use of a mixed landform calculation for the 1987 single-variable regional-regression equations.
[Annual exceedance probabilities (AEPs) of 4, 2, and 1 percent specifically selected by the Iowa Department of Transportation for comparison are noted with bold red text; water year, is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and includes 9 of the 12 months of that year; %, percent; n, number of streamgages included in comparison mean; MRRE2013 The re-assignment of 1987 single-variable RREs to a different hydrologic region than the region where the streamgage is present may be a subjective re-assignment for ungaged sites if users do not use a quantitative method similar to the one used in this study. In this study, mean, median, minimum, and maximum basin-characteristic values were calculated for data from streamgages within each hydrologic region for four selected basin characteristics (BSLDEM10M, CSL1085LFP, CSL100, and SLOP30). Basin-characteristic values measured for streamgages, that represent ungaged sites, were then compared to the mean, median, minimum, and maximum regional values to quantitatively re-assign 1987 single-variable RREs. 4) were developed predominately using streamgages with drainage areas greater than 20 mi 2 . Of the 251 streamgages used to develop the 1987 single-variable RREs, 68 of 251 streamgages, or 27 percent, had drainage areas less than 20 mi 2 (Lara, 1987) . Likewise, of the 394 streamgages included in the development of the 2013 multi-and singlevariable RREs, 137 of 394 streamgages, or 35 percent, had drainage areas less than 20 mi 2 (Eash and others, 2013) . For AEPs of 4, 2, and 1 percent for drainage areas less than 2 mi 2 , MPRE and mean ratio results of this study seem to indicate that the definition of hydrologic regions, the magnitude of AEPDs, and the slope of the regression lines of the 1987 single-variable RREs provide better accuracy when compared to either the 2013 multi-or single-variable RREs for three of the five comparisons (table 12) and provide less bias for all five comparisons (table 13). For AEPs of 4, 2, and 1 percent for drainage areas between 2 and 20 mi 2 , MPRE and mean ratio results of this study seem to indicate that the definition of hydrologic regions, the magnitude of AEPDs, and the slope of the regression lines of the 1987 single-variable RREs provide better accuracy when compared to either the 2013 multi-or single-variable RREs for five of the eight comparisons (table 14) and provide less bias for one of the eight comparisons (table 15) . The combination of the definition of hydrologic regions, the lower discharges, and the steeper slopes of the regression lines of the 1987 single-variable RREs seem to provide better accuracy and less bias when compared to the 2013 multi-or single-variable RREs, particularly for drainage areas less than 2 mi 2 , and also for some drainage areas between 2 and 20 mi 2 . For most of the 1-percent AEPD datasets (tables 12-15) for flood regions 2 and 3 ( fig. 1 ), better accuracy and less bias are indicated for the 1987 singlevariable RREs. The 1987 single-variable RREs were developed with steeper slopes and lower magnitude discharges for 1-percent AEPs, when compared to either the 2013 multi-or single-variable RREs that were developed with flatter slopes and higher magnitude AEPDs. This comparison of 2013 and 1987 single-variable RREs indicates a curvilinear relation for 1-percent AEPDs for drainage areas less than 2 mi 2 , and also for some drainage areas between 2 and 20 mi 2 ( fig. 4) . A curvilinear relation indicates that linear regression lines, such as those developed for 1-percent AEPs for flood regions 2 and 3 ( fig. 1) , may overestimate 1-percent AEPDs for small drainage areas.
Comparison of Annual Exceedance-Probability
Although AEPDs estimated by the 1987 single-variable RREs seem to provide better accuracy and less bias than AEPDs estimated by the 2013 multi-or single-variable RREs for most of the comparisons for drainage areas less than 2 mi 2 (tables 12-13) and for some of the comparisons for drainage areas between 2 and 20 mi 2 (tables 14-15), the 2013
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